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Pangolins are ant specialists which are under intense threat from the illegal wildlife trade.

Nutrition has notoriously been their downfall in captivity and is still an issue in regards to rescue

and rehabilitation. We analyzed the nutrient content of diets used by institutions that are

successfully keeping Asian pangolins and to assess the variety of the ingredients and nutrients,

compared these with the nutritional requirements of potential nutritional model species. We

performed intake studies at five institutions and also had data from three other institutions.We

also analyzed five different wild food items to use as a proxy of wild diet. We observed two

categories of captive diets: those mostly or completely composed of insects and those high in

commercial feeds or animal meat. Nutrient values were broad and there was no clear rule. The

non-protein energy to protein energy ratio of the diets were much higher than the wild food

items, more so for those which receive less insects. The average contribution of carbohydrate,

fat, and protein energy were also further away from the wild samples the less insects they

contained. The previously suggested nutritional model for pangolins is the domestic dog which

is supported by our relatively large nutrient ranges of apparently successful diets, however, due

to their highly carnivorous nature; the upper most nutrient intake data are not consistent with

this and favor the feline nutrient recommendations. We are unable to render a conclusion of

what model is more appropriate based on our data collected.
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1 | INTRODUCTION

Pangolins are myrmecophagous mammals of the order Pholidota,

divided into two groups: Asian and African. There are eight species

of pangolin, four of which are found in Africa (all listed as Vulnerable

by the IUCN) and four in Asia: Sunda (M. javanica) and Chinese

(M. pentadactyla), both listed as Critically Endangered, and Philippine

(M. culionensis) and Indian (M. craussicaudata), both endangered

(Batin & Widmann, 2008; Hoffmann, 2008a, 2008b, 2008c, 2008d;

Molur, 2008). Numbers of all pangolin species have been reduced

significantly due to extensive hunting for their scales, which are used

in Asian traditional medicine even though there is a lack of evidence

on its efficacy, and their meat which is considered a delicacy in

countries such as China and Vietnam (Mahmood, Hussain, Irshad,

Akrim, & Nadeem, 2012). The Sunda and Chinese pangolins are

particularly at risk and ways to protect them in situ are thus far

feeble (Challender et al., 2014a, 2014b).

Wild population figures for Asian pangolins are rough estimates at

best, although they range over much of Southeast Asia (IUCN, 2008). It

is believed that high levels of hunting have resulted in a decrease of 80%

in the wild over the last 15 years for Asian species and that this decline

will continue as hunting spreads throughout the species range

(Challender et al., 2014a). At present, pangolins are believed to be

the most heavily trafficked wild mammal globally. When confiscations

do occur, the pangolins are in a negative health and welfare state

(Pattnaik, 2008). They are living through psychological stress and suffer

many different types of physical wounds, including damage to the

digestive tracts which originate either from traders pumping silt and

cement into pangolins to make them heavier and, therefore, fetch a

higherpriceor fromgastriculcers fromnothavingeaten for anextended
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period of time (Nguyen, pers. comm.). On rare occasions when live

confiscated animals are received at rescue centers, common practice is

to release them as quickly as possible because 67% of all captive

pangolins are reported to die within the period of 10 days after arrival,

with more succumbing to malnutrition thereafter (Mohapatra & Panda,

2014). The major causes of death are physical injuries and stress but if

they can be kept alive initially, nutrition is reported to be a major issue

(Yang et al., 2007). Their diet is thought of as very specific, termites and

ants, yet very little information exists on the species ingested and their

nutrient intake (Lim & Ng, 2008). Ants are difficult to source for Asian

rescue centers and zoos, especially in quantities large enough to feed a

group of confiscated pangolins arriving at short notice, which also

explainswhy so fewzoosworldwide exhibit pangolins (Challender, Thai,

Jones, & May, 2012). The difficult transition from a wild ant diet to a

captive “gruel” type diet and little knowledge to their nutritional

requirements is also why providing adequate nutrition is the biggest

hurdle in their captive husbandry (Lissa, 1988; Yang et al., 2007).

Investigating an easily accepted, nutritionally appropriate diet for

pangolins haswide reaching effects: engaging the education capabilities

of zoos by holding pangolins in their collection, improving rescue and

rehabilitation success rates and furtheringourunderstanding on the use

of model species for advising exotic animal nutrition.

Nutrient requirements of wild animal species are largely unknown

and how they are fed is based on a “model” species for which there is

already an understanding of their nutritional needs. Often domestic

models such as dogs (Bellanger et al., 2015), cats (Vester et al., 2010),

swine (Tajima & Aminov, 2015), poultry (Wilkinson, Bradbury,

Thomson, Bedford, & Cowieson, 2014), rat (Robbins, 2012), horse

(Hagen et al., 2015; Johnson, 2014), rhesus macaque (O’Sullivan et al.,

2013), duck (Robbins, 2012), mink (Diez-Leon & Mason, 2016), goat

(Weiss, Schook, & Wolfe, 2014), and sheep (Gattiker et al., 2014) are

used. Choice of model species will depend on phylogenetic related-

ness, similarity in feeding ecology and/or digestive morphology and

physiology. When it comes to the Pangolin, the giant anteater

(Myrmecophaga tridactyla) would appear the valid choice due to

similarities in feeding ecology (Redford, 1985) and it is the most

studied among the myrmecophagous mammals (McNab, 1984). The

requirements for the giant anteater are generally based on the

nutritional model of the domestic dog. For this reason, we aim to

characterize the nutritional composition of successfully managed

pangolin diets across eight successful institutions and discuss the

appropriateness of nutritional models.

2 | MATERIALS AND METHODS

2.1 | Diet analysis

We collected diet information fromWildlife Reserves Singapore (WRS-

Singapore), Ragunan Zoo (Indonesia), Save Vietnam's Wildlife (SVW-

Vietnam), Taipei Zoo (Taiwan), Ueno Zoo (Japan), Leipzig Zoo

(Germany),NandankananZoo (India), andChongqingNormalUniversity

(China). The total study population included 29 pangolins (Table 1). We

personally conducted intake studies at WRS, SVW, Taipei, Ueno, and

Leipzig, however, limiteddatawere available fromRagunanandthedata

fromNandankanan zoo and Chongqingwere obtained fromMohapatra

et al. (2013) and Yu, Jiang, Peng, Yin, & Ma (2015), respectively. We

defined the diets used at these institutions as “successful” due to their

diets supporting longevity (institutions keeping pangolins alive formore

than 5 years) and health (no deaths within the last 5 years).

2.2 | Intake analysis

We observed the diet preparation of each institution's long-term diets

for 7 days with each ingredient being weighed individually before

being mixed together into a gruel-type mix which made delivery and

intake easy to quantify. We weighed the total amount of food given to

each pangolin, as well as the amount of uneaten food. The amount of

uneaten food was adjusted for desiccation (as described in Das et al.,

2015) and subtracted from the amount offered to result in a food

ingested value. If we were unable to weigh any animals during

the study period, we used their most recent weights provided by the

institution. The pangolins at SVW were kept as wild as possible

pending release and not handled, therefore no weights were available.

2.3 | Nutrient analysis

We sent every food item to a nutrition laboratory within each

respective country for direct nutrient analysis using the methods

described in Norconk and Conklin-Brittain (2004) for proximate

analysis. Acid detergent fiber (ADF) and neutral detergent fiber (NDF)

were analyzed as per Van Soest (1994). Water soluble carbohydrates

(WSC) and energy were calculated as estimates since laboratory

analyseswere not available in each country.WSCwere calculated as in

Johnson, Raubenheimer, Rothman, Clarke, & Swedell (2013) by

subtracting ash, crude protein, crude fat, and NDF from total dry

matter. Digestible energy was calculated using the standard values of

4 kcal/g for crude protein and carbohydrates, and 9 kcal/g for crude

fat. We collected five nests of green weaver ants near SVW in

Vietnam, totaling 1,536 g of antmatter.We analyzed awhole nestwith

its proportions of adults, eggs and larvae; and the following two

samples analyzed were only adults and also a combination of larvae

and eggs. In addition, we purchased black ants at a local bird market

TABLE 1 The study population for each institution

Location Common name Scientific name

Study

population

(n =m.f.u)

WRS Sunda Pangolin M. javanicus 2.2.0

SVW Sunda Pangolin M. javanicus 4.7.0

Ragunan Sunda Pangolin M. javanicus –

Chongqing Sunda Pangolin M. javanicus –

Taipei Chinese Pangolin M. pentadactyla 3.7.0

Ueno Chinese Pangolin M. pentadactyla 1.1.0

Leipzig Chinese Pangolin M. pentadactyla 1.1.0

Nandankanan Indian Pangolin M. crassicaudata –

WRS, Wildlife Reserves Singapore; SVW, Save Vietnam's Wildlife.
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and analyzed one sample of only adults, and one sample of black ant

larvae with eggs. These were also sent for nutrient analysis using the

same laboratory methods as the previously mentioned food samples.

2.4 | Data analysis

We compared the daily diet intake amounts per individual across the

five institutions using a Kruskall–Wallis tests. We used the nutritional

geometric framework (Simpson, Raubenheimer, Behmer, Whitworth,

&Wright, 2002) to graph the ratio of protein energy in kcal (PE) versus

non-protein energy in kcal (NPE) ingested. Macronutrient balancing is

best analyzed with comparable units, usually energy, and is pertaining

to protein/non-protein energy as necessary nutrient requirements

(Johnson et al., 2016). Each axis represents a nutrient (y-axis is PE and

x-axis is NPE, both in kcal) and the graph is the nutrient space. Food

items have mixtures of PE and NPE and thus may be represented as

lines drawn out from the origin into the nutrient space at angles

dictated by their internal ratio of nutrients contained within that food.

The pangolins could not change route within nutrient space without

switching to another food (Simpson & Raubenheimer, 1999).

We used the relative proportions of crude fat to crude protein to

soluble carbohydrates in a rightmixture triangle analysis such as Johnson

etal. (2013),alongwith theresultof thefivenativeant samples toobserve

differences between captive diets and native food items to compare the

daily contribution of nutrients to energy versus wild food types.

3 | RESULTS

Food types used include invertebrates (ants, red weaver ants, green

weaver ants, weaver ant eggs (unspecified), red ants, bee larvae, silk

worms, and/or mealworms), vertebrates (beef meat, eggs, and/or egg

yolks), plant matter (coconut husk, apples, corn flour, and/or soya

beans), concentrates (cat pellets, hedgehog pellets, and/or insectivore

pellets), dairy (yogurt), and supplements (clay, chitin powder, calcium

lactate, vitamin B, vitamin A, vitamin K, choline chloride, carbomin-

SVM, and/or olive oil) (Table 2). We did not present exact amounts of

specific ingredients to discourage replication in pangolin farming trials,

however, proportions of ingredients and nutrient intakes should be

sufficient to inform animal managers. There was a high variability in

nutrient content of the diets across institutions: crude fat ranged from

18.56% to 31.37%, crude protein from 32.41% to 55.11%, ADF from

4.61% to 16.01%, NDF from 9.12% to 18.94%, Ca 0.15% to 1.27%, P

from 0.23% to 0.84%, andWSC from 1.6% to 25.84% (Table 3). There

was a significant difference in total dry matter intake per species of

pangolin (X2
(4) = 22.20, p = 0.001). The Sunda pangolins on average

ingested more dry matter than their Chinese counterparts (Table 4).

The majority of captive diets had substantially higher proportions

of soluble carbohydrate, lower protein, and similar levels of crude fat

than the wild ant samples (Figure 1). The Sunda pangolin diets were

somewhat closer in composition to the wild ant samples than the

Chinese pangolin diets, which can be visually assessed in the Right-

Angled Triangle analysis. Sunda dietswere also closer to the nutritional

space occupied by wild ant samples than Chinese diets in terms of

NPE/PE ingested. The non-protein energy was larger in all captive

diets which was the main difference with wild-type ratios (Figure 2).

The diets made largely of invertebrates have ratios more similar to the

wild ant nutritional space. The nutritional geometric framework did not

identify any obvious intake targets or rules of compromise.

5 | DISCUSSION

CaptiveAsianpangolinswere fedgruel-typedietsmadewith avarietyof

ingredients including invertebrates, meat, plant matter, concentrated

pellets, and supplements which naturally results in a large range of

nutrient concentrations. All the diets in this study were deemed

successful by their respective institution using them (proven longevity,

no diet-related chronic health issues except some overweight

individuals, breeding, andmother rearingata few institutions); therefore

pangolins may not have very specific nutrient requirements. The diets

appear successful despite differing in the proportionsofmacronutrients

and the ratio of protein to non-protein energy from those observed in

five samplesofwild food items (Figures 1 and2). There is no information

available on pangolin NPE/PE intake in the wild. The NPE/PE ratios of

ant species were used as a proxy for wild pangolin diets and currently is

the closest approximation, ranging between 0.48:1 and 1.2:1. Nutrition

involves a lot more than a simple NPE/PE ratios, however, this method

allows us to visualize and compare major macronutrients of the diets

such as (Droscher, Rothman, Ganzhorn, & Kappeler 2016), after which,

TABLE 2 Proportion of each diet ingredient category as fed, for the different institutions holding pangolins

WRS Ragunan SVW Taipei Ueno Leipzig Nandankannan Chongqing

Invertebrates 55.8 100 100 53.1 24.3 46.4 60 88

Vertebrates 38.5 – – 4.3 10.9 3.3 40 –

Plant Matter – – – 28.8 24.4 23.5 – 12

Concentrate 2.1 – – 3.3 14.6 – – –

Dairy – – – – 1.5 – – –

Supplements 3.6 – – 10.5 24.3 6.7 – –

Water – – – – – 21.1 – –

Invertebrate ingredients used: mealworms, silkworm larvae, weaver ants, red ants, and bee larvae. Vertebrate ingredients used: hard-boiled egg, egg yolk,
beef meat, and horse meat.

CABANA ET AL. | 3



other nutrients can then be assessed. Due to the large variance

observed in nutrients, each should be individually mentioned.

5.1 | Protein and amino acids

The most studied related species successfully kept in captivity is the

giant anteater whose nutritional requirements have been modeled

after those of the domestic dog (Gull et al., 2015). This was suggested

due to the anteater's capability of producing the amino acid taurine

from sulphur amino acids, a metabolic pathway also available to dogs.

Two of the Sunda pangolin groups were fed diets consisting entirely of

invertebrates, SVW and Ragunan. The average taurine content of

feeder insects is 0.57 g/kg of insect protein as is (±0.52) which is a low

value (beef has an average value of 5.1 g/kg of protein) (Finke 2013,

2015). Individuals at both of these sites have either bred and reared

their own pups, or arrived pregnant and reared their own pups

successfully on these insect only low taurine diets. This supports the

conclusions of Gull et al. (2015). Insects can be a good source of

methionine (mean value of 3.16 ± 1.15 g/kg of insects as is) and of

cysteine (1.35 ±0.32 g/kg of insects as is) which we can assume meets

the requirements of the Sunda pangolins to endogenously produce

sufficient amounts of taurine (Finke 2013, 2015).

Average protein content of the diets was 43.88% DM which

ranged from as low as 32.41–55.11% (Table 3). The mean value is

TABLE 3 Nutrient concentrations of each institution's diets on a drymatter basis and the results of weaver and black ant nutrient analysis with cat
and dog requirements for comparison

Ash (%) Crude fat (%) Crude protein (%) ADF (%) NDF (%) Ca (%) P (%) WSC (%) DM (%)

WRS 6.415 27.334 52.58 10.17 12.09 0.22 0.25 1.581 79.99

Ragunan 5.65 24.63 50.86 9.76 15.80 0.15 0.83 3.06 –

SVW 4.33 31.27 53.68 8.86 9.12 0.25 0.67 1.6 55.5

Taipei 5.06 18.56 36.7 14.63 15.49 0.84 0.84 24.19 51.52

Ueno 4.8 27.51 32.41 4.61 9.44 0.94 0.67 25.84 72.2

Leipzig 6.56 23.82 32.69 9.137 15.34 1.27 0.366 21.59 21.27

Nandakannana 2.52 20.13 55.11 – – – – –

Chongqingb 3.01 28.65 37.11 16.01 18.94 – – 12.29 47.23

Average 7.42 23.99 43.88 10.11 13.32 0.62 0.59 14.60 54.62

S.D. (±) 6.23 5.74 10.00 3.99 3.53 0.46 0.23 10.09 20.64

W. ant nest 5.61 25.75 51.84 11.93 14.28 0.16 0.62 2.52 70.2

W. ant adults 5.92 16.29 65.09 9.23 11.79 0.34 0.88 0.91 77.45

W. ant larvae 6.65 14.63 50.76 7.37 12.83 0.2 0.73 15.13 60.72

B. ant adults 4.38 16.12 51.68 16.19 26.54 0.33 0.69 1.28 79.66

B. ant larvae 6.88 21.7 49.86 9.98 16.47 0.3 0.73 5.09 63.18

Dogd 5 18.0c 1 0.8

Catd 9 23 1 0.8

WRS,Wildlife Reserves Singapore; SVW, SaveVietnam'sWildlife; ADF, acid detergent fiber; NDF, neutral detergent fiber;WSC,water soluble carbohydrate;
DM, drymatter;W. ant, weaver ant nest (entire nest contents), adults (only adults, all castes), larvae (mix of larva and eggs); B. ant, black ant adults (adults only)
and larvae (larvae and eggs).
aData modified from Mohapatra et al. (2013).
bData modified from Yu et al. (2015).
cRequirements range from 17% to 22% depending on quality of the protein 5, 19, 20.
dDog and cat requirements were obtained from NRC (2006) and updated by Case et al. (2011).

TABLE 4 Average dry matter (DM) intake for both Sunda and
Chinese pangolins at the five institutions where intake studies
occurred

Sunda Chinese

Weight ingested (g) 60.28 53.88

SD (±g) 22.47567 15.59

Average weight (kg) 7.36 5.00

Moisture in diet (%) 64.70 64.95

FIGURE 1 A right mixture triangle plot representing the
proportion of protein to fat to water soluble carbohydrates (WSC)
on a dry matter basis in each diet and in five ant samples known to
be consumed by wild Sunda pangolins. The implicit axis is
proportion of WSC; the hard black line represents 0% soluble
carbohydrates and the dotted line represents 30%
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much higher than the recommendations for adult cats or dogs based

on (Case, Daristotle, Hayek, & Raasch, 2013) and NRC (2006). Native

ant foods had an average concentration of 53.85% crude protein and

termites have an average of 58.20% (Oyarzun, Crawshaw, & Valdes,

1996. Half of the diets came near the proportion of crude protein in

the diet that is similar to ant species, with Sunda pangolin diets being

closer than the Chinese pangolin diets (Figure 1). Similarly, the Sunda

diets had a larger invertebrate and vertebrate content within their diet.

Even though wild food items of pangolins appear to be high in protein,

this does not necessarily reflect a high requirement as diets as low as

32.41% led to maintenance. Wild pangolins presumably also ingest

some amount of soil or leaf matter while foraging in ant nests which

would dilute their overall protein intake (Lim & Ng, 2008). Protein

energywas also underrepresented in all of the diets, which are all much

higher in lipid and carbohydrate energy. Gruel-type diets are ideal for

nutritional geometry studies as the animals have no choice but to

ingest the ratio of dietary ingredients that is prepared for them. Only

when multiple mixes with different ratios are available to them can we

then determine intake targets or rules of compromise, such as

prioritizing protein over carbohydrate intake or vice versa (Simpson &

Raubenheimer, 2012). Lissa (1988) gave two captive Chinese

pangolins the option of a diet made with silkworm larvae or one

meat-based formula and the latter was chosen most often. This study

did not include nutrient content of the diets; therefore a conclusion is

difficult to extrapolate, especially as taste preference may have been a

factor. The dog or cat model do not fit the current pangolin diets

although the higher protein requirements of the carnivorous cat is

closer to the pangolin diets surveyed in this study.

5.2 | Fats and carbohydrates

Average crude fat contents of the dietswere 23.99%DM (±5.74)with a

rangeof18.56–31.27% (Table3). The averagevaluewashigher than the

recommendations for domestic dogs and cats. The higher fat content

required for catsmay bea better fit for the pangolins as thenative insect

preys of pangolins have a mean crude fat content of 18.89%. The

proportions of crude fat in the diet are also more constant and less

variable than the proportion of protein, made obvious by the lack of

vertical movement in Figure 1. Crude fat is necessary for many

metabolic pathways but is also amain source of energy for insectivores,

which are general low in WSC (ant nest average is 2.52%). Diets were

much higher in WSC than the ant average (average of 14.60%, range

from1.6 to 25.84%), yet this appears to be in spite of protein andnot fat

content. Soluble carbohydrates are not the natural energy source of

felines, however, they are able todigest themefficiently (Kienzle, 1993).

Similarly, our data support that pangolins are also able to use soluble

carbohydrates as a source of energy. If such a high proportion of the

pangolin's diet was not absorbable, wewould have observed emaciated

individuals within the Chinese pangolins whose diets were higher in

WSC than the Sunda. These were the populations where overweight

individuals were observed, but this may be due to other factors

discussed later. The tendency to create pangolin diets with a high NPE/

PE ratio may not be detrimental per se, as they may be able to use

soluble carbohydrates and fats interchangeably as energy, being

consistent with the canid nutritional model (Figure 2).

5.3 | Other factors to consider

Sunda pangolins were heavier than the Chinese in this study (7.36 vs.

5.00 kg) which is reflective ofwildweights aswell (Lim&Ng, 2008). Their

intake rates were variable; however, on average Sunda pangolins

consumed 6.40 g more. The slight difference between intake rates

doesnotscalewith the2.36 kgdifferencebetweenaveragebodyweights,

suggesting some individuals are overweight. The average moisture

content of the gruel diet was 45.38% and ranged from 21.01 to 78.73%

with thehighermoisture contentsbeing fed toChinesePangolins.Weight

management in gruel-type diets should be relatively straight forward by

manipulating the water content of feeds, therefore diluting energy,

controlling the amounts given, and even providing lots of non-digestible

carbohydrates or sand/earth to dilute the energy even further which

mimics their wild feeding ecology (Lim & Ng, 2008). In addition, perhaps

the Chinese pangolins were simply fed too large of a quantity, whichmay

have no reflection on the nutritional content of their diets. Diets which

contained a higher amount of chitinmay have increased apparent organic

matter digestibility due to the larger foodmean retention time associated

withmore chitinous diets (Chin et al., 2009). This may help the nutritional

management of rescued pangolins which require critical care and a

sustained nutrient intake, assuming they find the diet palatable. Although

insects are dense in energy, their high chitin content reduces the total

available energy in a full stomach, and the high earth content consumed

also takes up space and further dilutes the energy on an as is basis.

It was consensus among authors to not provide the quantification

of ingredients for each diet to discourage pangolin farming. Common

sense may dictate that farming an animal which is heavily used in the

wildlife trade would directly reduce their poaching pressure. This link is

not supportedbyany evidence, in factquite theopposite. Farming tigers

and bears in China for tiger parts and bear bile, respectively, created a

nichemarket, raising the price of “premiumwild” productswhich placed

FIGURE 2 Macronutrient balance of protein versus non-protein
energy (in kcal) for daily pangolin intake values in five institutions
where the diamonds represent M. javanicus and the squares
represent M. pentadactyla. Dashed rails indicate the nutritional rails
of the most nutritionally extreme wild food items. The gray space
demarcates the bounds of nutritional space of the potential
macronutrient balances available to wild pangolins consuming these
food items in any proportion, therefore the shaded area demarcates
nutritional space where we estimate wild pangolins to be
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further pressure on the wild populations (Dutton, Hepburn, &

Macdonald, 2011; Nowell, 2000). Simply making a link between farmed

and wild resources does not realistically model the market in terms of

consumer demand dynamics. In spite of this, we were able to present

sufficient information for future comparisons on pangolin and other

captive myrmecophagous diets.

5.4 | Nutrient ranges of studied diets

Due to the nature of the data we collected, we are only able to comment

on the range of apparently successful diets, not on nutrient recom-

mendations, compared with the nutrient compositions of some wild

foods. Crude protein was between 30 and 55%, crude fat 15 and 30%,

ADF 7 and 16%, calcium 0.25 and 1.0%, and phosphorous 0.20 and

0.80%, and WSC should be kept as low as possible, below 25%. The

pangolindietsarenotconsistentwith thenutrient requirementsofneither

cats nor dogs. The larger fat and protein levels and low WSC values are

closer to the values of the carnivorous cat, rather than the omnivorous

dog. Their taurine requirements, however, may be more related to the

dog. Also, the general large variation between nutrient contents of the

diets is also consistent with the canid physiological model (Careau,

Morand-Ferron, & Thomas, 2007). Pangolinsmay require the nutrients of

a carnivore, however, they may be able to cope with/adapt to certain

variations of nutrient intake. For micronutrients, we would recommend

using the feline carnivorous values until more evidence surfaces on

pangolinphysiology.Usingonemodeldoesnot fit pangolins requirements

fully, especially fromdomesticated animalswith a vastly different feeding

niche (Mahmood, Jabeen, Hussain, & Kayani, 2013). Similarly with the

case of a herbivorous giant panda (Ailuropoda melanoleuca), nutrient

recommendationsmustbeadaptedanddrawn frommanysources, asone

mould cannot fit all (Dierenfeld, Qiu, Mainka, & Liu, 1995).

6 | CONCLUSION

1. The macronutrient requirements of pangolins may be broader than

expected as we observed a large variation in nutrient contents

among eight diets.

2. With our current understanding of pangolin physiology and

morphology and the data presented in this paper, we cannot

determine which physiological model is more appropriate for the

pangolin. It is also possible that neither are appropriate.

3. TheNPE/PE ratio of zoo dietswasmuch higher than that ofwild diets.

4. Future research should concentrate on understanding if pangolins

target a specific NPE/PE intake ratio.
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